Introduction: This study aimed to evaluate the safety and diagnostic yield of cryobiopsy (CB) in comparison to forceps biopsy in endobronchial lesions.
Introduction
One of the main goals of diagnostic bronchoscopy, besides visualization of endobronchial abnormalities, is obtaining an adequate tissue samples from the suspicious lesions for cytohistological examination. Several techniques could be applied through the working channel of the flexible bronchoscope (FB), such as forceps biopsy, brush, bronchial washing and transbronchial needle aspiration (TBNA) [1] .
Forceps biopsy is the standard method to obtain tissue samples from airway lesions, with a diagnostic yield ranging between 65-82% [2, 3] . The main drawback of forceps biopsy is the small sized tissue samples. Its diameter is about 2 mm. Additionally, uncertain representation of the tumor tissue may occur due to presence of tumor heterogeneity [4, 5] . Larger samples are essential for definite pathological diagnosis, as well as immunohistochemical staining and detection of target specific genetic alterations in the tumor tissue, which has an increasing importance in the treatment of lung cancer [6] . Forceps biopsy samples are often associated with mechanical damage and crushing, which may cause difficulties in interpretation of anatomic structure and histopathologic changes in the specimens.
Flexible cryoprobes were introduced as a new tool for bronchoscopic tissue sampling. It is used www.journals.viamedica.pl primarily for debulking and cryoextraction of malignant airway stenosis [7, 8] . With this technique, the sample is collected while still being frozen, with the tissue attached on the frozen tip of the probe. By this way, larger tissue samples can be taken from endobronchial lesions. Tissue samples obtained with cryoprobes are of good quality, size and artifact-free. The molecular markers are also better preserved and well represented [9] .
The aim of our study was to compare bronchoscopic cryobiopsy versus forceps biopsy in patients with suspected endobronchial lesions as regards the size and diagnostic yield of the samples and safety of the procedure.
Material and methods
This is a prospective, randomized controlled study conducted at Chest Medicine Department -Mansoura University, Egypt from January 2014 to May 2016.
Patients with clinically and radiologically suspected endobronchial lesions and planned for diagnostic bronchoscopy and biopsy taking were enrolled in this study, after approval of the ethical committee of Mansoura Faculty of Medicine (code number MS/243). Before FB, a clear explanation of the procedure to the patient was done and fully detailed consent was signed by the patient.
Inclusion criteria
All patients must be fit for FB, with suspected endobronchial lesions and with normal coagulation profile.
Exclusion criteria
Patients, who refused to be included in this study or unfit for FB were excluded from the study or with uncorrectable bleeding profile. All patients were subjected to: medical history and clinical examination, laboratory investigations as complete blood count, serum creatinine, liver enzymes, international normalized ratio (INR), radiological assessment and arterial blood gases (ABG) at room air.
The procedure:
FB was done using (PENTAX FB-18V fiber bronchoscopy or PENTAX EB-1970TK Video bronchoscopy) after instillation of lidocaine 2% and IV sedation of midazolam. Continuous monitoring for O 2 saturation and ECG throughout and within 2 hours after the procedure were conducted. All procedures were done without intubation of the patients. Both forceps and cryobiopsy were performed in the same patient. The sequence of the biopsies was randomized with a closed envelope method. The number of biopsies were 2 biopsies for the forceps versus one cryobiopsy.
The cryoprobe used in this study was flexible cryorecanalization probe (78 cm in length/2.4 mm in diameter, ERBE, Medizintechnik GmbH, Tü-bingen, Germany) which was connected to cryomachine (ERBOCRYO CA, ERBE, Tübingen, Germany), while the forceps used in the study was (Endo-Flex biopsy forceps 2.3 mm diameter and 180 cm length, Voerde, Germany).
Tissue sampling:
Bronchoscopic forceps biopsy was done as usual from the visualized endobronchial lesions according to Gasparini [10] . Two forceps biopsies were taken per patient, after the second biopsy the amount of bleeding was evaluated, categorized and evaluation of the methods used to control it.
The cryobiopsy samples were obtained by advancement of the cryoprobe into the working channel of the bronchoscope to touch the tip of the endobronchial tumor. The freezing time was approximately 4 seconds. Then, FB together with tissue sample attached to the tip of the frozen probe were extracted en toto outside the bronchial tree. The tissue sample was released from the probe's tip by plunging it into saline at room temperature. FB was reintroduced after cryobiopsy to evaluate and control the bleeding.
Intervention evaluation:
The following were evaluated and recorded: I. The sum size of the forceps biopsy samples and size of cryobiopsy were measured by an electronic caliper in its largest diameter in mm ( Fig. 1 ).
II. Post interventional bleeding: according to
Aktas et al. [11] , bleeding was classified into: -No bleeding.
-Mild bleeding, which was controlled by maintained suction. -Moderate bleeding, which can be controlled with different interventional techniques e.g local application of saline either normal or cold, adrenalin or balloon tamponade. -Severe bleeding, which necessitates ICU admission due to hemodynamic instability and required blood transfusion.
Histopathological evaluation:
Specimens were fixed in formalin 10%, and sent for pathological examination. The diagnostic www.journals.viamedica.pl yield of each technique was demonstrated. A diagnostic technique was only defined when a final histopatholocal diagnosis was obtained.
Statistical analysis:
Categorical data were presented as number and percentage. Kolmogorov-Smirnov test was used to check data normality. Normally distributed data were presented as mean ± standard deviation (SD); paired sample t-test was used to compare the results in the same group. Non-normally distributed data were presented as median. Non-parametric two-related-samples test (Wilcoxon type) was used to compare the results in the same group. McNemar test was used to compare paired proportions. P < 0.05 was considered as statistically significant. Statistical analysis was performed using Excel and SPSS software (v.23).
Results
This study included 47 patients, 32 males (68.1%) and 15 females (31.9%) with a mean age of 55.47 ± 11.57. Twenty three patients (49%) were non-smokers and 21 patients (44.68%) were current smokers and 3 patients (6.38%) were exsmokers as shown in Table 1 .
The total number of biopsies was 94 forceps versus 47 cryobiopsies. The distribution of biopsies sites was illustrated in Table 2 . Biopsy size; cryobiopsies were significantly larger than forceps biopsies with a mean size of 5.9 ± 2.3 and 2.5 ± 0.8 mm respectively (p ≤ 0.001) (Fig. 2) .
The final diagnosis was established in 35 patients (74.5%) with cryobiopsy versus 24 patients (51.1%) with forceps biopsy, the diagnostic yield of the cryobiopsies were statistically significantly higher than forceps biopsies (p = 0.001). The final diagnosis is listed in Table 3 .
No bleeding was associated with forceps biopsy in 74.5% of cases versus 59.6%, this difference was significant (p = 0.016). Mild and moderate bleeding grades were reported in both techniques with no significant difference (p = 0.063 and p = 0.5), respectively. Severe bleeding was not recorded in both techniques (Table 4) . There was no reported severe bleeding after both techniques as well as no reported other complications including pneumothorax, pneumomediastinum or mortality.
Discussion
Forceps biopsy is the traditional method for diagnosis of bronchoscopically visible lesions [12] . Its diagnostic yield is affected by diameter, location, pathologic nature, visibility of the tumor and importantly the size and quality of the obtained samples [11, 13] .
The diagnostic yield of forceps biopsy can be augmented with the use of additional tools as brushings, needle aspirates, and washings. However, the overall cost, time and possible complications including anesthesia will be increased [12] .
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Size of the biopsy in mm (mean ± SD) 2.5 ± 0.8 5. forceps are a motive to apply the cryobiosy as a new biopsy tool. Cryobiopsy samples have a good quality with a higher diagnostic yield in comparison to forceps biopsy. The cryobiopsy samples are significantly larger than samples obtained by forceps samples [11] . Flexible cryoprobe and cryomachine used in our department has the largest commercially available diameter. It allows to obtain larger samples than the other probes (1.9 mm). In our study, contact time between the cryoprobe and endobronchal lesion was approximately 4 seconds. By increasing contact time, the size of the obtained samples enlarges. This may be explained by concentric expansion of the freezing area starting from the tip of the cryoprobe and expanding into the periphery, making a larger surface area and thereby larger biopsies can be generated [6] .
The used forceps in our study was chosen based on its larger diameter which can obtain larger tissue samples. It was found that the mean size of the crobiopsy samples was 5.9 ± 2.3 mm while for forceps biopsy -2.5 ± 0.8 mm. With contact time 4 seconds, the size of the cryobiopsy was almost 2 folds larger than those obtained by the forceps biopsy. We have obtained tissue samples up to 16.70 mm by the cryobiopsy technique.
Our study was comparable to the study done by Aktas et al. [11] , in which median size of cryobiopsy and forceps samples were 0.8 cm (0.3-4.0 cm) and 0.2 cm (0.1-1.0 cm), respectively (p < 0.001).
Jabari et al. [14] investigated both forceps and cryobiopsy in 60 patients with endobronchial lesion. Forceps biopsy and cryobiopsy in three and five seconds were done. They concluded that specimens that were obtained by cryobiopsy in five seconds were significantly larger than those of forceps biopsy and cryobiopsy in three seconds (p < 0.001). We showed that the achieved diagnostic yields for all three methods were not statistically different (p > 0.05). Simultaneous usage of samples produced in both cryobiopsies can significantly improve the diagnostic yield (p = 0.02).
In our study, the diagnostic yield of single cryobiopsy was 74.5% while the double foreceps biopsy was 51.1%. This is explained by both high quality and larger size of the cryobiopsy samples. Also, the cryobiopsy can establish the final diagnosis without the need of additional interventions or the need of repeated bronchoscopy or referring the patients for another diagnostic surgical intervention.
The diagnostic yield of cryobiopsy in our study (74.5%) is less than that reported by Hetzel et al. [6] (95%) and the diagnostic yield of double forceps biopsy in our study (51.1%) is less than their reported results of forceps (85.1%). The cause of this difference may be attributed to higher number included in the study compared to our study. They included a total number of 563 divided into 2 groups; 281 patients were subjected to forceps biopsies and 282 subjected to cryobiopsies. In addition, the number of the biopsy in the above mentioned study was left to the investigator, while in our study we have a fixed number of the biopsies in the form of 2 forceps biopsies and one cryobiopsy Also, Aktas et al. [11] illustrated that the diagnostic yield of the cryobiopsy was higher than the forceps biopsy, they investigated both cryobiopsy and forceps biopsy in 41 patients with endobronchial lesions. Both techniques were done in each patient with 3 forceps biopsies and one cryobiopsy. The final diagnosis was obtained in 38 patients (92.7%) versus 32 (78%) in forceps biopsy. This difference may be related to different number of the examined patients in both studies.
Schumann et al. [7] examined a total number of 296 patients with visible endoluminal tumor. The final included group consisted of 55 patients, where both cryobiopsy and forceps biopies were done in the same patient. A significantly higher diagnostic yield of cryobiopsy compared with forceps biopsy (89.1% vs 65.5%, p < 0.05) was observed.
The safety of the procedure was also another important aspect in our study. Forceps biopsy was associated with no bleeding in 35 (74.5%) and cryobiopsy in 28 (59.6%), with significant difference between both (p = 0.016).
As regards bleeding, cryobiopsy was associated with more bleeding (mild: 15 [31. led with the usual interventions including: cold saline, mentioned suction or local application of adrenalin.
High incidence of bleeding during cryobiopsy would be possibly caused by extraction of the cryoprobe, when a tissue sample may attach to the end of the probe or endoscope. This may extend the time without local control of bleeding and accumulation of blood at the biopsy site. Such situations were not observed in the animal study [6] .
Our results were similar to the study of Hetzel et al. [6] , who reported significantly more bleeding in the cryobiopsy group in comparison to the forceps group (p = 0.009). However, the number of bleeding that needed any intervention for haemostasis control did not differ between the groups (p = 0.9). Argon plasma coagulation was required in 13 patients from the cryobiopsy group compared with eight patients in the forceps group. Tamponade was required in two patients in each group. All other episodes of bleeding were managed by instillation of ice-cold saline or vasoconstrictive drugs. No surgical interventions for bleeding control were needed and no fatal events occurred.
Aktas et al. [11] investigated the safety of both cryobiopsy and forceps biopsy in 41 patients with endobronchial lesions. There was no significant difference between these two procedures in the incidence of hemorrhage (p > 0.05). This was found that 34.1% and 36.6% of hemorrhage occurred following forceps and cryoprobe biopsies, respectively. The difference between forceps biopsies and cryoprobe biopsies in terms of complication was not statistically significant (p > 0.05).
One of the main limitation of the cryobiopsy was the need of endotracheal intubation during the intervention to secure the airways and allow rapid reintroduction of the bronchoscope as the tissue samples obtained by cryobiopsy cannot be extracted through the working channel of the bronchoscope. In our study, none of the examined patients were intubated. We rapidly reintroduced the bronchoscope immediately after the biopsy. No additional adverse events were observed. Although intubation using flexible endotracheal tube or rigid bronchoscopy is generally recommended [6] .
Despite the relative small number of patients in our study, it suggests the superiority, and will contribute to growing evidence supporting the use of bronchoscopy cryobiopsy in the diagnosis of endobronchial lesions.
